Carbohydrate reserves of crested wheatgrass (Agropyron cristatum) and Russian wildrye (EZymus junceus) were lowest after initial spring growth, but maximum levels were rapidly attained as plants approached maturity. Fall regrowth caused reductions in total available carbohydrate (TAC) stores. More TAC reserves were used to produce new growth if plants were defoliated during spring growth than if defoliated at maturity or quiescence. Autumn TAC storage levels in both crested wheatgrass and Russian wildrye were reduced by all previous defoliations.
are important seeded rangeland species of the western United States and Canada. These two species are presently being utilized for grazing, erosion control and roadside revege ta tion. Information about (1) seeding methods (Cook, 1958; Cook, 1966; Cook et al., 1967; Cook et al., 1970) , (2) growth responses after grazing or foliage removal (Cook and Stoddart, 1953; Cook et al., 1958; Frischknecht, 1968; Currie and Smith, 1970) , (3) nutritive values (Cook and Harris, 1952; Cook and Harris, 1968) , and (4) competitive relationships with other species (Cook and Lewis, 1963; Cook, 1965; Drawe, 197 1) from 1967 to 1969 to determine carbohydrate reserve stores for these two grasses as influenced by phenological development and several defoliation treatments.
Experimental Area and Procedure
The study areas were located in central and northwestern Utah. The climate is semiarid with warm, dry summers and cold winters. Average yearly precipitation was slightly greater than the IO-year average of 28 cm during 1967 and 1968, and slightly less than average in 1969. The spring and early summer of 1968 were dry, but about three times the normal amount of precipitation fell in August. Precipitation was below average throughout most of 1969. Site descriptions of these foothill ranges were given by Frischknecht (1968) and Drawe et al. (1972 Grass root systems were collected to a 30 cm depth. The lower 4 to 5 cm of the culms, rhizomes, and tillers were designated as crown tissue. No attempt was made to separate live tissue from dead unless decay was obvious. These samples were placed in pint jars and covered with 95% ethanol to reduce enzyme activity. Samples were taken to the laboratory, lids were removed from the jars, and the jars placed in a forced-draft dryer at 70 C. Approximately 1 week was required to evaporate the ethanol and an additional week to dry the samples.
After drying, the samples were gound to pass through a 40.mesh screen.
Laboratory analyses were conducted to determine TAC as milligrams of available carbohy draws per gram of dry plant matter. Weinmann (1947) and Smith et al. (1964) Smith, 1967) . Extraction of TAC from 0.5 g samples of plant material was accomplished by using 0.2 N sulfuric acid as described by Smith et al. (1964) . These extracts were analyzed on a glucose equivalent basis by using an iodometric titration developed by Heinz and Murneck (1940) with modifications of reagents as suggested by the Association of Official Agricultural Chemists (1965) . Standard curves were determined for each stock solution.
Results and Discussion
Differences in growing conditions during the 3 years of this study caused yearly differences in growth of crested wheat~grass and Russian wildrye. Precipitation during 1968 was above normal and plant growth was greater.
Plants clipped later in their yearly growth cycle produced less new growth by fall (Fig. 1) Troughton, 1957; Weinmann, 196 1; and Coyne and Cook, 1970) . Hyder and Sneva (1959) described the growing season trends in total available carbohydrates of roots and stem bases of crested wheatgrass. However, the carbohydrate reserve cycles throughout a year for both crested wheatgrass and Russian wildrye growing on similar sites have not been compared.
Total available carbohydrates (TAC) in roots and crowns of crested wheatgrass and Russian wildrye followed somewhat similar patterns ( Fig. 2 and 3) . Carbohydrate reserves were high in the fall and decreased to a low level during initial spring growth. The lowest TAC level was found during early growth (April) when approximately 20% growth had been produced by both species.
Approximately 50 to 60% of the reserves stored the previous summer and fall were used in respiration and initial growth the following spring.
Crested whea tgrass and Russian wildrye were at the second to third leaf stage during the period of low reserve concentrations. Thereafter carbohydrate reserves in both roots and crowns rapidly accumulated until maxiplants defoliated at anthesis (June) or at maturity (September). Plants defoliated at quiescence and again during early spring growth produced about as much new growth as plants clipped only once during early spring growth. When crested wheatgrass and Russian wildrye were clipped at anthesis and again at maturity, they produced about as much new growth by late autumn as when defoliated only once at maturity.
Trends in seedstalk height after defoliation were similar to that of new growth production (Table 1) . Drawe et al. (1972) found Russian wildrye to be more productive than crested wheatgrass on similar sites under any intensity or season of defoliation.
Clipping both species at light and moderate intensities during early or mid-spring growth was less detrimental to plant vigor than clipping after anthesis or clipping during early growth and again after anthesis. Similar trends in growth and production of these two grasses were found in the present study ( mum levels were attained as plants neared maturity ( Fig. 2 and 3 ). The decline of reserve levels in crowns of crested wheatgrass and roots of Russian wildrye in the fall of 1967 may be attributed largely to fall regrowth ( Fig. 2 and 3) . Russian wildrye produced about 5 to 10% more regrowth than crested wheatgrass, which may account for greater reductions in autumn TAC storage levels in Russian wildrye.
The growing season trend in TAC concentrations for both species was similar to that reported for crested wheatgrass by Hyder and Sneva (1959) . They attributed the rapid increase of reserve storage levels after initial growth to abundant leafiness and a delay in stem elongation.
This was probably true for both crested wheatgrass and Russian wildrye in the present study. Since both grasses had similar phenological development, both had similar reserve depletion and restoration patterns. Reserve replenishment during vegetative growth was more rapid however for crested wheatgrass than for Russian wildrye (Fig. 2  and 3) .
Both root and crown storage concentrations of crested wheatgrass and Russian wildrye followed somewhat similar trends. Root reserves were, however, greater (p < .Ol) than crown reserve concentrations at fall quiescence ( Fig. 2 and 3) . Trlica and Cook (1971) found autumn crown reserve concentrations to be greater than root reserve concentrations for Indian ricegrass (Oryzopsis hymenoides) and needleandthread (?+a corn&z).
Effects of Additional Water on Regrowth and Carbohydrate Storage
Additional soil water that was supplied during the late summer and fall of 1967 and 1968 to control plants and plants that had been defoliated at maturity caused both crested wheatgrass and Russian wildrye to resume growth. Watered plants produced an average of one more leaf per tiller and 10 to 20% more regrowth than did unwatered plants. This additional growth caused a significant reduction (p < .05) in autumn TAC storage levels of both species. The TAC level in roots and crowns of plants that received additional water were about 15% lower than reserve levels in unwatered plants.
A significant interaction (p < .05) between plant parts and years was probably caused by greater increases in root TAC storage than crown storage in 1968. More favorable growing conditions during 1968 may have caused greater root storage levels at quiescence during that year.
Carbohydrate Reserve Stores as

Affected by Defoliation Treatments
Both crested wheatgrass and Russian wildrye used similar amounts 433 of TAC to produce 20% new growth after defoliation.
No differential utilization of reserves from roots or crowns was observed. However, significant differences (p < .05) were found in the amount of TAC utilized among plants from various defoliation treatments to produce 20% new growth. Both grasses used more reserves to produce 20% new growth when clipped during early growth than when clipped at maturity or quiescence. Higher temperatures and respiration rates during the late spring and summer regrowth period may have contributed to greater reductions in TAC reserves for plants defoliated during early growth.
The amount of new growth produced by defoliated plants was directly related to the time remaining in the growing season (Fig. 1) . As would be expected, plants defoliated the previous autumn at quiescence or during early spring growth produced more new growth than plants clipped at anthesis or maturity. Differences in growing conditions during the 3 years caused significant differences (p < .05) in length of current year's growth and seedstalk lengths among years; however, significant differences in autumn reserve levels among years were not present. Autumn carbohydrate reserves were similar for crested wheatgrass and Russian wildrye. Comparable phenological development and responses to growing conditions may account for the similarity in fall reserve stores of these two grasses.
Clipping significantly reduced fall reserve levels of both grasses as compared to unclipped plants (Table  1) . However, only small reductions in autumn TAC storage occurred when plants were defoliated during quiescence the previous year or during early growth the same year. Trlica and Cook (1971) earlier reported similar results for desert range species. Crested wheatgrass and Russian wildrye plants that were clipped at either anthesis or maturity, or
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clipped at anthesis and again at maturity, had substantial reductions in TAC stores in the autumn (Table  1) . Plants from these 3 treatments had little chance for regrowth before autumn frosts and consequently had little photosynthetic tissue for carbon dioxide assimilation and carbohydrate storage during the normal storage period. Thaine (1954) reported that carbohydrate reserves of Russian wildrye diminished with increased clipping frequency during the growing season. The present study indicated however, that clipping crested wheatgrass or Russian wildrye at quiescence and again during early growth was no more detrimental to TAC storage than clipping them once at the later stage of phenological development.
Root TAC reserves were reduced more by defoliations than were crown reserves (Table 1) . A highly significant interaction (p < .Ol) between root and crown TAC levels and species was caused by larger differences between TAC levels of roots and crowns of Russian wildrye as compared with roots and crowns of crested wheatgrass. The roots of Russian wildrye from any defoliation treatment were considerably higher in TAC than the crowns.
Although autumn carbohydrate reserves were directly related to the amount of photosynthetic tissue present during normal storage periods, regression analysis indicated that variability in TAC levels (Y's) could not be accounted for by differences in percentage of new growth attained compared to controls, length of current year's growth, and seedstalk heights (X's). Measurements of these independent variables could only account for as much as 34% of the variability in autumn TAC stores of crested wheatgrass and Russian wildrye. If other measures of plant vigor at quiescence were utilized, such as leaf area, weight, and crown cover, then plant carbohydrate reserve status might be predicted with greater accuracy. McKendrick and Sharp (1970) found that herbage production of crested wheatgrass was highly correlated with organic reserve index, basal area per plant, and number of tillers per unit surface area.
Results from this study suggest that both crested wheatgrass and Russian wildrye are physiologically adapted for fall or early spring grazing and possibly for spring-fall grazing as suggested by Hyder and Sneva (1963) . Grazing when plants are rapidly replenishing reserves during late spring or before fall quiescence however, may cause serious reductions in plant TAC reserves and new growth. Garbo hydrate reserve data support the findings of Drawe et al. (1972) that clipping during the latter part of the growing season or combined early and late spring clipping are detrimental to vigor of crested wheatgrass and Russian wildrye.
Summary and Conclusions
A study was conducted from 1967 to 1969 in central and northwestern Utah to determine seasonal carbohydrate reserve cycles and how various defoliation treatments affected utilization and storage of carbohydrate reserve in crested wheatgrass and Russian wildrye. Phenological development and autumn carbohydrate levels were similar for both grasses. Root and crown reserve levels were lowest after initial spring growth; however, reserves were rapidly accumulated and maximum levels were attained as plants approached maturity.
Fall regrowth stimulated either by natural rainfall or irrigation caused reductions in total available carbohydrates (TAC) stores during this period. Irrigated plants produced 10 to 20% more regrowth and reserve levels were about 15% lower than plants which did not receive additional water. Carbohydrate reserves of plants which produced fall regrowth were not replenished before fall quiescence.
Both crested wheatgrass and Russian wildrye used similar amounts of TAC to produce new growth following defoliation. More reserves were utilized to produce 20% new growth if plants were defoliated during early growth than if defoliated during maturity or quiescence.
Autumn reserve levels in both crested wheatgrass and Russian wildrye were reduced if plants had been defoliated as compared to unclipped plants. Plants defoliated at either anthesis or maturity had less autumn TAC stores than plants defoliated at quiescence the previous fall or during early spring growth. Defoliations at quiescence and again during early growth were usually no more detrimental to TAC storage in these grasses than a single defoliation, when the single defoliation was carried out at the later phenological stage of development.
Autumn reserve stores were directly related to the amount of new growth produced after being defoliated. However, percentage new growth attained compared to controls, length of current year's growth, and seedstalk heights could only account for 34% of the variation in autumn TAC storage levels.
Results from this study indicate that both crested wheatgrass and Russian wildrye are physiologically adapted for fall or early spring grazing and possibly for spring-fall range.
However, grazing when plants are rapidly replenishing reserves or before fall quiescence may be detrimental to plant welfare.
